In the shoot of Ambrosia artemisiaefolia var. elatior, four to nine pairs of decussate leaves are produced above the cotyledo 1s bsfore the spiral_ phyllotaxis appears.
gressive increase in the relative size of the apical dome to the leaf primordium might be one of the causal factors for the phyllotactic change from the decussate to the spiral system and that from the lower parastichy system to the higher one. The apical meristem of the shoot consists of a two-layered tunica and a corpus. The leaf primordium is originated by periclinal cell divisions in the second tunica layer on the flank of the apical dome. No fundamental difference was found in the structure of the shoot apices with the decussate and the spiral phyllotaxis.
Many dicotyledons show regular change of phyllotaxis during ontogenesisl'. In these plants, the opposite cotyledons are usually followed by decussate or distichous leaves, and these types of phyllotaxis soon change to other system. In other case, the spiral system develops soon from the first leaf above the opposite cotyledons. The transition from the initial decussate phyllotaxis occurs at first in such a way that paired leaves arise at different levels on the axis to become alternate2'.
Furthermore, various types were distinguished in respect of the transition from the decussation to the spiral phyllotaxisl,3>.
It has been pointed out by some investigators that the study of phyllotaxis should be based on observatians and experiments made on shoot apices where the leaf primordia actually originate, because their mutual positions originally determined on the apical dome are often changed in various ways during the elongation of the stem4-6~.
The present paper describes a study on the shoot apex of Ambrosia artemisiaefolia var. elatior with special reference to the phyllotactic change from the decussate to the spiral during ontogenesis.
Materials and Methods

Ambrosia artemisiaefolia
var. elatior (Ragweed) used in the present study is a herbaceous annual, introduced from North America and naturalized widely in Japan as a common weed.
The on photomicrographs of the transverse sections cut through the apical domes. When there were many leaves in a given section, leaves older than the tenth were not used for the measurment, because they might have changed their original positions relative to the apical dome during the growth and development. Diameter of the apical dome at the maximal area phase of a plastochron was measured at the level of an axil of the youngest leaf primordium.
The size of the youngest leaf primordium indicated by its tangential width along its axil was alsa measured in the same section. Observations 1. Early phyllotactic change-The decussate phyllotaxis was observed in several nodes above the cotyledons (Fig. 1, A) . The number of pairs of opposite leaves varied in each plant; out of 141 plants, 4 had four pairs, 28 (20%) had five pairs,. 50 (35%) had six pairs, 40 (28%) had seven pairs, 18 had eight pairs and one had nine pairs. The variation in numbers of these pairs was also observed in Chenopodium albums'.
On the first node above the last pair of opposite leaves, apparently opposite twa leaves arose at right-angles to the lower pair. There was, however, a slight difference in their insertion levels, and in many cases the divergence angle betweenn the two was slightly less than 180° (Fig. 1, B) . In an elongated stem, the alternation of these leaves was more evident. They are designated here as L1 and L2 respectively, the former being inserted lower on the axis and older than the latter.
According to Tro112' and Hacciusl', the spiral phyllotaxis is derived from the decussation via the distichous arrangement.
The distichy may occur on the next node above the cotyledons or on the upper node, and the former case was designated as the " Vicia-type " and the latter as the " Phaseolus-type ". The present species may fall into the Phaseolus-type with several decussate nodes above the cotyledons.
2. Divergence angles-Leaves or leaf primordia subsequent to L1 and L2 were designated as L3, L4 and so on in the genetic sequence, and the opposite pairs below L1 were designated as LA and LA, L B and L B downwards. Fig. 2 , A shows a fluctuation of the divergence angles during ontogenesis.
Divergence angles measured in both clockwise and counter-clockwise genetic spirals were used to make a single average value for each divergence angle since the value for each corresponding divergence angle was approximately the same in . both systems of genetic spirals. The divergence angles between leaves produced earlier in ontogenesis were measured in shoot apices of younger, plants and those between leaves produced later were measured in shoot apices of older ones. Therefore, all of divergence angles in this figure were based on the data obtained from young leaves and leaf primordia around the apical domes of plants at various ontogenetic stages, thus the possible change in divergence angles caused by the distorsion of a growing stem discussed by Snow4'5', was not necessarily considered in the present study. Each value of divergence angles until L13 is an average value measured in 5080 plants and that of the upper part an average measured in 2030 plants.
As shown in this figure, divergence angles regularly oscillated until L8, and then they seemed to be nearly 139° in subsequent leaves.
3. Internode length-The internode length was measured with 110 adult plants sampled at random in August, 1969. It was observed that in particular internodes above the last decussate node, the length was evidently shorter than those just below and above. The number of these shorter internodes varied in each plant examined, and the results are given in Table 1 .
The average length of each internode in type 3 is presented in the graph (Fig. 2, B) . Three internodes, L1-L2, L3-L4 and L5-L~ were respectively shorter than the preceeding and succeeding ones. In some plants (types 5), the oscillation of successive internode lengths continued up to the internode, L9-L10, while in some (types 6), no oscillation was observed at all (Table 1) . In all cases except for type 1 and 6, the regular oscillation of the successive internode lengths became gradually reduced in the upper part of the stem, where the spiral phyllotaxis was established.
4. Size of the apical dome-The size of the apical dome at the maximal area phase of plastochron was also measured with plants at various ontogenetic stages and shown in fig. 3 , in which the developmental stage is represented by the leaf number of the youngest leaf primordium in each apex. The average diameter of the apical dome was 53j in the shoot apices of young plants with the decussate phyllotaxis.
Then it gradually increased with the initiation of L1 and L2, and became stationary after the initiation of L25 in older plants, the average diameter being approximately 130i. On the other hand, the size of the leaf primordium represented by the tangential width in cross section was fairly constant throughout ontogenesis, being about 96 t wide. These facts may suggest the progressive increase in the relative size of an apical dome during the development of the spiral seen near the apex is useful and easy to be applied.4' At the early developmental stage of the spiral phyllotaxis in the shoot apex of the present species, there was a set of contact parastichies (2+3~ as shown in fig.  4 , A. As the diameter of the apical dome increased, these contact parastichies became obscure, each young leaf primordium not coming into direct contact with two older leaves. This was because the elongation of the leaf primordium proceeded than the formation of the leaf blade and the relative size of the apical dome to the leaf primordium became much larger in older plants. However, the leaves in the parastichies including every fifth leaf became progressively closer to one another and those in another series of parastichies including every third leaf did likewise (Fig. 4, B) . Thus, the higher parastichy system (3+5) or at least (2+3+5) might be considered in adult apices. Gifford and Tepper8' reported the similar change of contact parastichy numbers, from (2+3) to (3+5), during ontogenesis of Cheno podium album. Concomitantly the plastochron ratio proposed by Richards12' changed from 1.087 to 1.049. In the present study, however, no appreciable change in the plastochron ratio was observed during the development of the spiral phyllotaxis.
6. Structure of the apical meristem-In a longitudinal view, there was no fundamental difference of the apical organization between the shoot apices with different types of phyllotaxis (Fig. 5) . The apical meristem consisted of the two-layered tunica and the corpus underneath.
Sometimes, three tunica layers were observed in the shoot apex with spiral phyllotaxis.
The second tunica around the summit of the apex had much pronounced features especially in the apical meristem with spiral phyllotaxis. The cells with large nuclei were elongated in the direction perpendicular to the apical In the present study the transition of the phyllotaxis from the decussate to the spiral system in Ambrosia artemisiaefolia var. elatior was considered in respect of the changes in the divergence angle and internode length and also in the relative size of an apical dome to a leaf primordium.
Groom15' has already observed that the long and short internodes are alternate with each other in some species of Chenopodiaceae, and he considered it as a phenomenon accompanied by the transition from the opposite to the alternate phyllotaxis.
It is evident, by comparing the graph of the divergence angle with that of the internode length ( Fig. 2) , that two leaves, L1 and L2, still retained a character as a pair of opposite leaves, although they were somewhat alternate.
This character was still discernible in several pairs of leaves (L3 and L4, L5 and L6, and sometimes even L9 and L10), and then it became obscure in the upper part of the stem, where the divergence angle and the internode length became more stationary and the spiral system was established.
Therefore, it is considered that this peculiar arrangement of leaves prior to the spiral system may be transitional from the decussate to the spiral system. This pattern of leaf arrangement is similar to the orixate type proposed by Maekawa16', which was commonly found in the branch of Orixa japonica (Rutaceae).
The spatial relationship of leaves in the transitional region is shown in the diagram (Fig. 6) , in which the leaves retaining a character of decussation are shadowed.
The similar examples were observed in Xanthium canadense17' and Impatiens balsaminal8', in which the spiral phyllotaxis developed soon after the opposite cotyledons. From the study of many dicotyledonous seedlings, Haccius3' distinguished six types of phyllotactic transition from the opposite to the spiral system. The present type may correspond to her third type, " aufgeloste Wirtel " or " ausgepragte Spirodekussation ", which was found frequently in Crucif erae and Compositae. The apical dome of the decussate young plant in the present species underwent a regular change in shape during a plastochron, producing two opposite leaves at a node as described in other decussate plant19' and it assumed a symmetry as long as the decussate phyllotaxis continued. However, as the spiral phyllotaxis began to develop in the shoot apex, the apical dome gradually became asymmetric and finally produced one leaf primordium at each node in a regular spiral sequence. In fact, the apical dome might not be completely asymmetric during the transition of phyllotaxis, so that it might allow several nascent leaves to retain the character of decussation.
The shoot apices of some decussate plants have been reported to have a tendency to return to decussation after a disturbance induced by a diagonal split.l9-21) According to Snow,21' such apices can regulate the phyllotaxis toward decussation by equalizing the insertion levels of two leaf primordia and the divergence angles between the two. During the ontogenesic change of phyllotaxis from the decussate to the spiral system, however, regulating factors may work conversely to separate the insertion levels and let the divergence angles deviate from those in the decussate phyllotaxis.
It has been pointed out by some investigators that the relative size of a leaf primordium to an apical dome is one of the causal factors for the determination of phyllotaxis9' (cf. Richards12').
In the present species the diameter of an apical dome began to increase with the formations of the first two leaves, L1 and L2, above the last pair of the opposite leaves and continued to increase during the formations of the following twenty to twenty five leaves, while the size of the youngest leaf primordium remained approximately unchanged throughout ontogenesis (Fig. 3) . This means the progressive increase in the relative size of the apical dome to the leaf primordium during ontogenesis, and it may be considered that this progressive increase is one of the causal factors in the present species for the change of phyllotaxis from the decussate to the spiral system and further from the lower parastichy system (2+3) to the higher one (3+5).
